The CFA franc area is one of the oldest currency unions, but it has come under intense criticism recently for failing to promote economic growth and income convergence between member states. This paper examines the growth experience of the 14 member countries relative to a common benchmark over the period 1960-2011. In particular, we use a combination of parametric and non-parametric methods to study convergence patterns as well as growth dynamics and to identify the factors responsible for changes in relative per-capita income. The results indicate divergence tendencies that result in a bimodal distribution in the long run. The sharp devaluation of the CFA franc in 1994 increases intradistributional mobility which is directed towards lower income levels. The regression analysis suggests that openness, FDI, and financial development have a positive and robust effect on convergence in the currency union.
Introduction
In existence since 1945, the CFA (Communauté Financière Africaine) franc area is one of the oldest monetary arrangements in the history of currency unions. However, in recent years, it has been increasingly criticized for not only slowing down overall economic development in the region, but also deepening the differences between member states. A number of economists and African politicians have claimed that the monetary regime is profoundly asymmetrical, with France extracting greater demographic characteristics. Moreover, the two central banks are independent from each other, with France represented on the board of both institutions. Both francs are fixed to the euro at the same rate (1 euro = 655.957 CFA franc), and each of them is convertible to the euro. Although they are not legally directly convertible to each other, the two francs are de facto mutually convertible indirectly through the euro. Each zone uses its own policies to control inflation, and the flows of capital between the zones are extremely limited. France's Treasury guarantees the peg of the CFA to the euro and provides an operations account (comptes d'opérations) for each of the two central banks, on which they may draw in case of reserves shortages (Lelart 1998) . Although this amounts to a potentially unlimited overdraft, certain restrictions are in place. First, at least 20% of sight liabilities of each central bank must be covered by foreign exchange reserves. Second, at least 50% of foreign exchange reserves must be held in the operations accounts. Third, increasing interest rate penalties apply in the case of an overdraft. Within the limits of the fixed exchange rate arrangement, the two central banks are responsible for conducting monetary policy in their respective zones and are charged also with implementing banking supervision. Since 2000, multilateral surveillance mechanisms based on specific criteria have been implemented with the goal of strengthening the coordination between fiscal and monetary policy (policy mix) and of creating a suitable macroeconomic environment that promotes sustainable growth and high levels of employment. This approach, however, and the criteria it is based on have been subject to criticism. The criteria are seen as too broad and not clearly defined, lax, and in general similar to the criteria and mechanisms used by the EU to monitor convergence.
A striking feature of the CFA franc area is the heterogeneity not only between the two unions but also within each of them (see Tables 1 and 2 ). Per-capita income across CEMAC ranges from $371 in the Central African Republic to more than $17,000 in Equatorial Guinea. By contrast, differences are much less pronounced across WAEMU with incomes ranging between $427 in Niger and $1545 in the Ivory Coast. These disparities in income levels and economic performance reflect historically higher average growth rates in CEMAC since the 1980s and result, in part, from changes in the production structure. In recent years, Chad and Equatorial Guinea have emerged as significant oil exporters, joining Gabon, Cameroon, and Congo. Accordingly, oil revenues have been generating current account surpluses in CEMAC for years. By contrast, WEAMU's main exports are agricultural goods, such as cotton, with only one member state, the Ivory Coast, producing oil. Although WAEMU's export share in GDP is lower than for CEMAC, internal trade within WAEMU is far more advanced due to the diverse production structure of its members.
Given the large income disparities across the CFA franc area, income convergence has been the focus of a number of recent studies (Bamba N'Galadio and Diomande Ramirez and Tsangarides 2007; Ndiaye, 2008; Owoundi, 2009; Dramani, 2010; Diop et al. 2010; Couharde et al. 2012; Nanfosso and Nguena 2015) . Most of them employ variations of the traditional models of convergence (beta-and sigma-convergence) or studying the dynamics of the real exchange rate. In general, their findings suggest a lack of convergence across the CFA area.
3
Our paper differs from the existing literature in several aspects. We use a longer sample period , which allows us to explore differences in convergence patterns across two distinct subperiods. The non-parametric methodology that we employ overcomes the limitations of traditional parametric techniques and enables us to gain deeper insights into the convergence patterns in the CFA area. In particular, this approach is based on kernel density distributions that make it possible detect convergence clubs and study intradistributional dynamics by exploring the entire distribution of per-capita income. In contrast, the standard approach of beta-and sigmaconvergence focuses only on the first and second moments of the distribution. Furthermore, we use a panel model to test the influence of various factors on relative The rest of the paper is organized as follows. The next section describes the nonparametric methodology for measuring convergence and presents the results of the empirical analysis. In section 3, we discuss the driving forces behind convergence based on the results of the regression analysis. The final section offers some conclusions.
Measuring convergence

Nonparametric methodology
Non-parametric models provide a number of advantages in measuring convergence, including flexibility and a broader focus on distributions which can help explore club convergence and intradistributional dynamics in a given sample (for more details, see Nenovsky and Tochkov 2014; Wamboye and Tochkov 2015) . The source of flexibility is the fact that the data is not constrained by a particular functional form of the model as in the case of parametric specifications. Moreover, the density function allows us to explore the distribution of a given variable, which in our case is the per-capita income. The various modes of the distribution signify different groups of countries and can be interpreted as convergence clubs located at lower, average, or top levels of per-capita income.
The analysis begins by estimating the probability density function of relative percapita income. Let X 1 ,…, Xn be a sample of n observations on a random variable X. The density value f(x) at a given point x is estimated by the following kernel density estimator:f
where h denotes the bandwidth of the interval around x and K is a Gaussian kernel function. Eq. (1) basically weights each observation in the interval, so that those farthest away from x get the smallest weight, and then adds up the frequencies at each observation to produce a density estimate. As a result, the distribution of relative percapita income is illustrated by a smooth curve that helps identify "convergence clubs" that take the form of modes.
In the next step, we estimate a transition probability matrix that helps reveal movements within the income distribution. Let Q t denote the distribution of relative per-capita across CFA countries at time t. The distribution at time t + 1 is then:
where M is a finite discrete first-order Markov transition matrix that maps Q t into Q t + 1 . The transition matrix is given by
where p ij with i, j = 1,..,N is the probability of moving from an initial state i at time t to a state j at time t + 1. The main diagonal of the matrix reports the chance of an observation staying in the same state in t and t + 1. If the transition probabilities from t to t + 1 do not vary across time and do not depend on transitions from previous periods, the change in intradistributional mobility can be obtained from the iteration of Eq. (2) k times. As k → ∞, the iteration yields
The limiting probability distribution, δ j , is the ergodic or steady-state distribution, which is independent of the initial distribution and helps determine the evolution of per-capita income for CFA countries in the long-run given the dynamics observed in the transition matrix. As Nenovsky and Tochkov (2014) have stated, the transition probability matrix approach has some drawbacks, such as using continuous data on relative per-capita income in a discrete framework. In addition, the discretization of the state space is done in a haphazard fashion. To address these potential issues, we focus on transition probabilities in a continuous state space and, following Quah (1997a) , estimate a stochastic kernel that maps the distribution Q t into Q t + τ as follows:
where the conditional density function g(x t + τ |x t ) describes the probability of the transition to a certain state in t + τ given the initial state in t. 4 The results of Eq. (5) are illustrated as three-dimensional graphs with corresponding contour plots, which can be interpreted as transition matrices in continuous space.
The sample used in our study covers all 14 member countries of the CFA zone (WAEMU and CEMAC) over the period 1960-2011. The CFA franc area has 130 million inhabitants (17% of the population of sub-Saharan Africa), accounts for about 15% of African GDP, and produces 25% of the continent's oil (IMF, 2007) . Per-capita GDP is measured according to the purchasing power parity in constant 2005 US dollars and is obtained from the Penn World Tables (version 8.0).
5 For the purposes of this paper, the per-capita GDP is expressed relative to the sample average (the benchmark) in a given year, which, in turn, is set equal to 100.
Our empirical model encompasses the two zones of CFA area jointly (WAEMU and CEMAC). We opted for this approach rather than focusing on each zone separately for two main reasons. First, both zones have a similar institution, demographic and production profile and it is therefore possible to treat them as one common area (especially given that their currencies are pegged in the same way, making them pegged to each other as well). Second, the larger number of observations resulting from the joint analysis of the two zones improves the statistical properties of the nonparametric model and thus produces more reliable results.
Results and interpretations
The kernel density distributions for the full sample are shown in first row of Fig. 1 for 6 different years across the sample period (1960, 1975, 1990, 1994, 2002, 2011) . The years were chosen so as to divide the sample period into approximately equal segments. At the same time, some of the years have also a special significance. In 1960, the countries of the CFA area gained independence, while in 1975 they obtained monetary sovereignty from France as the CFA central banks took over monetary matters. In 1994, the CFA franc was devalued by 50% and in 2002 the multilateral surveillance mechanisms were launched in the two zones of the CFA area.
The density functions can be interpreted in three ways. First, the height of the density function indicates that there is a higher concentration of observations and thus a higher probability of being at that level of per-capita income. Second, the modes of the distribution indicate convergence clubs. Small modes indicate that few observations are concentrated in this area, while large modes are a sign of major concentration. Third, the shifts of the modes over time can give us an idea of convergence tendencies.
In 1960, the highest density was at the average per-capita GDP, while most of the probability mass was below the average benchmark. Over the following three decades, the large mode has shifted further to the left indicating a move towards lower income levels and away from the mean. At the same time, the distribution has widened, thereby reducing the height of the peak. This was mainly the result of a minor mode representing Gabon that transitioned towards the top of the distribution. In the late 1980s and early 1990s, a new group of countries, including Senegal, Ivory Coast, and Cameroon, broke away from the main probability mass and converged towards higher levels of GDP per capita beyond the average. However, since the turn of the century, this shift was gradually reversed. The last ten years of the sample period show an increasing concentration of the probability mass in the range below the sample mean. This is a sign of convergence within the group of countries with below-average relative income per capita but at the same it is also a divergence away from the mean and towards the bottom of the distribution. At the top of the distribution, the appearance of a new mode accounts for the rapid ascent of Equatorial Guinea after the discovery of oil reserves in the late 1990s.
Given the extremely high levels of GDP per capita in Gabon and Equatorial Guinea, we plotted the kernel densities for a reduced sample that excluded these two countries. The graphs at the bottom of Fig. 1 show that the convergence/ divergence tendencies described above remain largely robust even after dropping the two outliers.
The intradistributional dynamics is given by the transition matrices presented in Table 3 and consist of four states with value ranges selected so as to contain an equal number of transitions. The matrices show the probabilities of moving from a given initial state (in the rows) to a final state (in the columns). For instance, in the first matrix of Table 3 , a country with an initial per-capita income between 42% and 67% of the mean level (second row) has a 12% chance of moving to a lower level (first column) after one year but a 78% chance of staying in the same range of income (second column). This country has also a 1% chance of moving to the top income level bracket (fourth column) within a year.
The first matrix uses annual transitions over the entire sample period and illustrates the high levels of persistence (over 90%) on each end of the distribution. In addition, the poorest and the richest countries in the sample have a relatively similar chance to moving towards the average. In the middle of the distribution, the mobility is more intensive with a higher chance of transitioning towards lower values of per-capita income, which indicates divergence away from the mean. The ergodic distribution is bimodal with a large mode at the bottom and a minor one at the top of the distribution. In other words, if the intradistributional mobility patterns remain constant, the initially uniform distribution Annual transitions are affected by short-run fluctuations in income per capita, and, therefore, we test the robustness of our results by extending the transition periods to 3 years. The results in the second matrix in Table 3 confirm our initial findings. The persistence at both ends of the distribution is again very similar. At the same time, the probability of moving to lower income levels is twice as high as for moving to higher levels. The ergodic distribution has now a single peak located at the bottom of the distribution where almost half of the probability mass is concentrated.
6 Equatorial Guinea and Gabon can be seen as outliers due to their high-income levels. We tested the robustness of our results by excluding them from the sample. This changed the benchmark average, and thus the value ranges of the four states, but the transition probabilities and convergence patterns remained almost identical to those for the full sample. These results are available from the authors upon request. We further present the annual transition matrices for two subperiods. Before 1994, countries at the bottom and top income ranges had barely any chance of escaping from their initial situation. The transition probabilities and the ergodic distribution are similar to those for the entire sample period. For the years after 1994, persistence in all states along the diagonal of the matrix decreases indicating increasing mobility which is again directed more strongly towards lower income levels. Accordingly, the ergodic distribution after 1994 exhibits a much stronger concentration of the probability mass at the bottom. Figure 2 shows the stochastic kernels for various sample periods. The threedimensional graphs and their corresponding contour plots show the densities for each income level (t + 1 axis) conditional on the corresponding density in the previous year (t axis). The graphs for the full sample period (first row) suggest relatively high levels of persistence as the lines are concentrated closely along the diagonal. If we focus only on the range below the average where most of the probability mass is located (second row), we see an analogous pattern. The relatively similar dispersion of the lines around the diagonal suggests similar probabilities for moving towards the top and bottom of the distribution. The main exceptions are the countries at or just above the mean of 100. There the concentration of lines on the contour plot is clearly located below the diagonal indicating higher probability of convergence towards the bottom of the distribution. This is in line with our findings from the Markov transition matrices.
The graphs for the 3-year transitions (third row) exhibit significantly larger movements. Countries with income levels twice as large as the average and lower are more likely to converge towards the bottom of the distribution. In contrast, those with income above 200% of the average are more likely to diverge away from the mean. These details were not visible from the transition matrices in Table 3 because all countries with above-average income levels were grouped together in one discrete state. In the range below the average (fourth row), countries with income levels between 70% and 100% of the average have a higher probability of diverging away from the mean towards the bottom of the distribution due to the high concentration of lines below the diagonal of the contour plot. This concurs perfectly with the patterns described by the corresponding transition matrix in Table 3 .
The plots for the periods before and after 1994 are very different but both provide evidence for the robustness of our previous findings. As we showed with the transition matrices, the persistence in the middle of the distribution is significantly lower for the period after 1994. The wide dispersion of lines in the corresponding contour plot (sixth row) confirms this, especially when contrasted with the plot for the period before 1994 (fifth row).
Explaining the dynamics of relative per-capita income
The second part of our analysis is focused on identifying the factors that influence the dynamics of convergence. 7 We use a fixed-effects panel-data model, which includes the standard variables considered to affect economic growth, such as fixed capital formation (as % of GDP), human capital (years of schooling), openness (trade as % of GDP), FDI (as % of GDP), price stability (CPI inflation in %), fiscal policy (government consumption as % of GDP), financial deepening (M2 as % of GDP), corruption (from the World Governance Indicators), reliance on natural resources (oil share in exports), as well as a dummy for the devaluation in 1994. The dataset was compiled and crosschecked form various sources, including BCEAO, BEAC, Banque de France, African Development Bank, World Bank's Development Indicators, and the Barro-Lee Educational Attainment Database. Descriptive statistics of the main regression variables are presented in Table 4 . We estimate the following empirical specification:
The dependent variable in the regression is the annual growth of per-capita GDP relative to the benchmark for the sample in a given year. In other words, a positive (negative) sign for estimated coefficients would indicate that the corresponding variable causes convergence (divergence) from the benchmark. The independent variables consist of fixed capital formation (K), human capital (HK), openness (OPEN), foreign direct investments (FDI), price stability (PR), fiscal policy (FIS), financial deepening (FIN), corruption (COR), oil share of exports (OIL), and a dummy that takes the value of 1 for the years after 1994. These variables are included in the standard growth models, as they are considered to affect economic growth. Physical capital accumulation and human capital are key inputs in the production process. Trade and FDI are usually associated with positive effects on growth because they allow a country to benefit from exports and attract foreign capital and technology, which improve the efficiency of the domestic economy. Stables prices and a balanced budget are major signs of macroeconomic stability. High inflation and persistent budget deficits have adverse effects on consumption and investment decisions. Financial development allows firms and individuals to have greater access to capital markets and reduce risk and uncertainty. Corruption stands for the general institutional environment in the country. Weak institutions create an Table 5 Regression results for relative per-capita GDP growth (full sample) Annual 3-year periods
(1) Robust standard errors are in parenthesis.
* p < .10 ** p < .05 *** p < .01 unstable situation that has adverse effects on consumption and investment decisions. Lastly, oil has been both a boon and a curse for many countries. Oil revenues can boost domestic economic development but also breeds corruption and wastefulness, while making the country dependent on earnings from a commodity with volatile prices on global markets. The model also includes country-and year-fixed effects. Robust standard errors ensure that heteroscedasticity is controlled for. Unlike standard growth regressions, endogeneity here is unlikely to pose any problems because the dependent variable measures relative growth, i.e. convergence or divergence to a benchmark.
The results of the panel regression estimation are presented in Table 5 . After running several specifications with different combinations of the variables, we found that some of the coefficients are insignificant and thus excluded them from the final estimation of the model. 8 The first three columns report the estimated coefficients for the full sample. The relative growth in the period after 1994 is found to be significantly lower than in the previous decades, which indicates that the sharp devaluation of the CFA franc caused countries to exhibit slower growth relative to the average benchmark and thus amplified disparities within the currency union. This confirms the divergence in the sample and the tendency for most of the probability mass to converge towards the bottom of the distribution reported in the non-parametric section of the results. Our findings also concur with the lack of convergence in WEAMU after the devaluation reported by Van den Boogerde and Tsangarides (2005) . It is important to note that the devaluation certainly had a positive impact on growth in the CFA area (Ary Plane 2004, 2005; Hugon 1999 Hugon , 2009 ). What our results show is that this impact was unevenly distributed and was thus not sufficient to help most economies move closer to the benchmark. 9 In other words, the negative sign of the dummy for 1994 means that some countries were growing faster and others slower in response to the devaluation. This has caused divergence across the CFA. In more general terms, our findings demonstrate that the common currency in the CFA has not generated long-run convergence towards the common benchmark within the zone. However, such convergence is considered the main goal for the creation of any common currency area. The key objective of the common money is the convergence and harmonization of living standards across member states.
Physical capital accumulation, openness, and FDI have positive and significant coefficients, suggesting that these three factors had a positive effect on convergence towards the benchmark and helped countries catch up with the average per-capita GDP. Financial development and fiscal policy do not achieve statistical significance, while price instability seems to have contributed to convergence. However, when year fixed effects were added to the regression, the coefficient turned negative and was not significant anymore. Therefore, the effect of inflation might be due to time variation that is not accounted for in the baseline model. 10 As for the fiscal policy coefficient, 8 The coefficients for oil exports, human capital, and the institutional variables were not only insignificant but caused all other variables to lose their significance as well. Therefore, we excluded them from all regressions and do not report them in the tables. For the relationship between resource rent and different institutional and political variables see Arezki and Gylfason (2013) , and for a short survey see Fosu 2012b) . 9 This is in line with Fosu (2012a) findings that stress the existence of growth accompanied by increasing divergence between African countries. 10 We exclude year fixed effects from the regression for most specifications of the model to be able to account for the structural break in 1994 by introducing a dummy variable.
Table 6
Regression results for relative per-capita GDP growth (reduced sample) Annual 3-year periods
(1) The reduced sample consists of 12 countries (Gabon and Equatorial Guinea are excluded). All regressions include country fixed effects. Robust standard errors are in parenthesis. * p < .10 ** p < .05 *** p < .01 Fosu (2012a) found too that public spending did not have a significant effect on growth and attributed this to "policy syndromes" that have plagued African economies. We further test the robustness of our results by expanding the period over which growth is measured to three years. The results are shown in the last three columns of Table 5 . The estimates remain largely robust with the exception of the dummy for the period after 1994, which now turns insignificant. This means that there was no significant difference between the first and second subperiods with regard to the relative growth over longer time spans. As the non-parametric analysis indicated that the divergence over 3-year growth periods is even stronger, it is possible that our parametric finding might be driven by the fact that we have only 5 observations for each country over the period after 1994 for the 3-year specification. Furthermore, the results reveal that financial development has a significantly positive effect on convergence over longer periods.
The results in Table 5 might be driven by Gabon and Equatorial Guinea that were identified as outliers in the sample due to their oil exports and high levels of per-capita GDP. For this reason, we conducted the regression analysis on a reduced sample that excludes these two countries. The estimated coefficients in Table 6 reveal some important differences. Financial development makes a significant contribution to convergence regardless of the growth-span specification. Openness and FDI remain relevant, but capital deepening does not seem to be a major factor anymore. Price instability exhibits a positive and significant coefficient across all models. In other words, inflation is associated with convergence towards the average per-capita GDP. However, the reason is that year fixed effects are excluded from the estimation.
There are virtually no differences between the annual and 3-year specifications in Table 6 except for the 1994-2010 period dummy. As in Table 5 , the dummy has a negative and significant coefficient in the annual growth model, whereas it is insignificant in the 3-year growth model.
Concluding remarks
Explaining the impact of economic and political institutions (e.g., ownership, election systems, market and regulatory mechanisms) on long-term development in Africa is not only of theoretical importance (Acemoglu and Robinson 2010; Fosu 2012a; Fosu 2012b ), but it also offers guidance on economic policy. Fittingly, Nubukpo et al. (2016) in their latest book on the future of the CFA explore extensively the theoretical and logical arguments for sustaining the mechanisms of the CFA area. In this study, we focused on the current state of income convergence between countries belonging to the CFA zone, an area encompassing 14 countries with 70 years of experience in a currency union with a fixed exchange rate. Besides the fact that convergence in itself is examined within this unique institutional monetary regime, we also included certain institutional variables among the factors explaining economic development. Our results can be summarized as follows.
First, the analysis of the convergence shows a clear trend towards the formation of two clubs on both sides of the distribution. The distribution becomes bimodal with clearly pronounced "poor" and "rich" club. Over time, and especially after the 1994 devaluation, the middle mode shifts downwards towards the lower levels of per-capita income. Furthermore, the probability that a given country would converge to the club of poor countries increases. Accordingly, the main conclusion is that there is no expected convergence in the CFA area and relative growth dynamics exhibit a tendency to lower growth rates and lower relative per-capita income levels. The strengthening of this trend after the devaluation of 1994 questions the effectiveness of this policy measure for area-wide convergence. According to the stylized factors of development presented in Rodrik (2014) , convergence is the exception rather than the rule, and our results appear to support this observation.
Second, a number of factors we presumed to be behind the relative income dynamics proved to be statistically insignificant (e.g., institutional factors, corruption, human capital), which, of course, does not mean that they, in fact, do not affect growth. Other commonly accepted growth factors, such as gross capital formation, openness, and FDI, seem to promote convergence. Government spending is not correlated with convergence, while financial development seems to have a positive effect only over longer periods of time. This leads us to suppose that we need a critical approach to the primary statistics, preliminary data reconstruction, and clearly a more subtle definition of growth factors specific to the African continent.
In general, our findings draw attention to the lack of structural reforms in the CFA area, which represents a major stumbling block for achieving real convergence in the near future. Furthermore, the very nature of the central banks in the zone, which function almost like currency boards where the monetary base is fully backed up, create constraints for the development of the financial sector and for investment that, in turn, have an adverse effect on growth. Accordingly, if this monetary regime remains in place in the future, more radical structural reforms are needed to free up the development of the financial sector and of investment policies. Alternatively, the monetary regime of the CFA area would need more flexibility, however this needs to be carefully weighed up.
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